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INTRODUCTION 

The objective oC this research prograroma is to examine the 
potential health hazard preianted by PAH and PAU derivatives 
adsorbed to resplrable urban particulate. To achieve this goal. 
we are using a calas aansltlva cbeaical fractionation procedure 
and an analysis of the fractions by a conblnstlon of 
chroaiatographic Ketbods and autagenicity assays. This approach 
focuses attention on the genotoxic activity of each fraction than 
on the conpounds within that fraction that are responsible for 
that genotoxic activity. 

Chenlcal analyses of organic material associated with air 
particulates have produced a bewllderlngly conplex picture of the 
CDnposltion of urban air. The chemical analysis of organic 
extracts of total suspended resplrable particulate has been 
extensively reported (Butler et al ■ . 1987; Hoff and Chan, 19«7; 
Yamauchl and Hands . 19B7; Dalsey «t al. . 1986; Greenberg et al. . 
1985) . By comparison, suprlslngly few of the chealcala 
Identified have bean exafflinsd using short term tests (STTs) . It 
■ust be pointed out that not all cheuicals which are known to be 
carcinogenic are detected by all or Indeed any of the STTs. 
Indued, the analysis of organic extracts of urban air 
particulate employing STTs have met with limited success CButler 
et_al_!.- 1987; pyysalo et al . , 1987; Wolff et at . , 1986). 
Application of biological assays for genotoxic activity to total 
extractabla material Is aanerally crude and uninComatlve. While 
these biological techniques can be extremely sensitive with 
individual compounds, their behavior with complex mixtures does 
not match analytical chemical nethodologiea . 

MATERIALS AND HETUODS 

Air particulates ware collected on 8 x 10 inch galas fiber 
filters using a hi-vol air sampler (General Hetal Works L-20oa H) 
with flow controller set at 40 ft'/min (1630 m>/34h) Samplers 
were located on the roof of an OHE station located near the 
centra of downtown Hamilton. Particulate samples were acquired 
over a period between April 4, and Hay 31, 1988. This period was 
chsracterlxed by frequent atmospheric Inveraiona. Filters were 
weighed and stored at -80* c until extraction. Filters (23) from 
eleven days with loadings ranging from 300 to 360 milligrams per 
34h (total: 5.538 al were pooled and extracted with 
dichloromathane (DCM) and methanol IHSONJ la a soxhlet apparatus 
tot leh. The organic extract was fractionated according to thb 
scheme presented in Figure 1. Pooled DCH and MeOH extract was 
applied to a neutral alumina column. Stqui^ntial elutlon with 
solvents of increasing strength yielded the following fractions: 
60 mL hexane rAl), 50 mL benzene [A2I , 70 mL clorotora with 1% 
methanol fA3] . 50 mL methanol [A4] , 50 mL 4:1 methanol/wattr 
[AS], and 50 mL water [A6] . Fractions [Al] and [A3] as wull as 
fA4J and [A5] were pooled to yield [A231 and [A45] . AliphaLics 
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which were a najor contaninant at fA23) Mere renoved by a 
chromatographic step elution from Sephadex LU20. Additional 
detail* of chraaatDgraphy are givan in the figure legends. 

The Salmonella tvphimuriuiii/nlcrosome assays for mutagenic 
activity with or tilthaut Araclor 1354 induced rat liver S9 <<\) 
were perforned as described by Maron and Aiaea (19B3). 
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FI<#URE t The sclieaie used for fractionation of organic 
extracts o£ urban air particulates. 
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RESULTS . , >. J 

Table 1 shous the mutagonic activity found in the eruda 
aluBina fractions fron the pooled May filters. Activity, 
expressed as revertanta per b> air, was daterBined fron dose 
response curves. Detectable nutagtns were divided betwebn the two 
pooled eluant fractions *23 and A45. Ho uiutagtnic activity was 
lost after the passage of h2i through S-phadex LH2a la step ustd 
to remove non-mutagenic aliphaticsl . Direct acting mutagfens (-S9) 
were about equally divided between these two ftactior.s t*23LH20: 
SI 1%; *«5: *6,3*1, while activity requiring the addition of rat 
liver microsoBial activation (+S9) was largely found in fractic-ns 
elutad with less polar solvent (AjaLHlO; 78.6*; *45: 21*). Thuse 
results clearly indicate that while much of the mutagenic 
activity is associated with classical PAH lA23m20l , we have 
found a sionlticant quantity of material which aiay b* 
eharactetiied as polar PAH derivative*. 

TABLB 1 Hutagenic Activity of Meutral Alumina Fractions: 

Slope of Linear Regression of Dose Response Curves 
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•MD: Activity not detected (background) 

The A23LH30 pooled Mterial was further divided into eight 
tractions (H0..K7) by ooraal phase chromatography a* shown in 
Figure 2. The selection of cut points for H fractions was based 
both on the distribution of BUtageoic activity and on chamoal 
class Ul - PAH, polyaromatic furans and polycyclic sulphur 
compounds; N2 - nitro-EAH and oxy-PAHr H3 - dinitro-PAH and 
polyaromatic quinones: 114 to H6 •= polyaromatic ketones and 
polyaromatic quinones; M7 - polysromatic nitrogen compounds 

(McCalla ^1^. al . 1988). Figur* 2C shows the distribution of 
mutagens in these fractions. Column eluant was pooled for each 
fraction and assayed tor mutagens. Nl, M2 and N7 all showed a 
greater mutagenic response with microsomal activation while the 
remainder were about equally divided between direct and indirect 
activity. Comparing the proportion of the total mutagenic 
activity found across the chromatogram, H3 with 54* of the 
direct acting (-S9I and 41* of the indirect acting (+S9) mutagens 
had the majority of detected activity. This was followed by H2 

m* l-l" 13* I*]). "6 fl2% t 9*1 . H4 (14* 6 6%). M7 (3* i 10*), 
Hb 15* 6 3*1 and Ml (0* 4 13*). No significant mutagens ware 
found in tlQ. 



341 



1 



400 



200 



400 




200- 



hxxlicn nMTtoer 



600 



400 



S 200 



c 




1 

■-" 

a»i» 


- 


1 


UL±_ 



No Nl Hi N3N4N5N6 



N7 



rifiUIC ] KotuI ptau* BFLC mllyili ol JtlJLilO Iriction on a Hhitatn MS- 
PIC coluan. CridicDt: beiise to lOOV CRiClt DVtt ]0 nil; hold lOOt CBiCLi to 
SO ■in, then O-lOOt ETOIt to 55 aia. fiul 1: UT dtttctlon tlSOni-IOODa) . 
Pinal I: Tlia sluant fioai RFLC asilyiii mi colltcttd ia 0.5 ain CcictloDS. 
Solvent oil eviporitcd ind the reiidue tiken up In DNSO for ■utigcnle issir 
in S. tvchitufiua tkii. Eich (riction •» iiiayed with (4S9) ud ultbout t-S91 
■icrotoail ictivitioa. Final C: Eluant (loa HFLC inilv'i* >"■ collictsd Id 1 
tttctioni Buabeced NO. .NT ii indicited by tha arroxi ii X. Solfinti aer* 
nipocatcd isd • pottioD of each raildiic inalyied tor autigesi In Tt9> » 
iAdicaiad on tha fi^ura. 



342 



1 



1 
1 



m 




R«vers« phase 

i s shown in Figure J 
those with both dii t^ 
JDUtagi^nB wliich only 
activation. It Is al 
uould not be dtiti^rctb 
crlCt^rion for bel«ict 
c:offpounii.& of thd It2 
significant genotoxi 
Additional dat 
of A23LH20, atid A45 
conf tJiTdnca . Wu will 
col lac tad during the 



chroaatography of th 
Here, thtr mutagtirits 
ct axid indirect acti 
expresaud genotoxici 
ao noteworthy that t 
d if uv abaorbancd ( 
ion . This also impli 
class Hdrb not abund 
c potential . 
a including mutachro: 
from May 'B8 uill b^ 
also pr«Sk}nt prellmi 
Buanar . 



ti U2 fraction of A33LH30 
were divided bHtueen 

vi ty ^nd thu more polar 

ty with laicroBomal 

he lf:ss polar juutag«fn5 

250-400nm) wure th<j 

et that whil« »OHid of thd 

ant, they posdess^d 

■atosjraina of fraction U2 

prdsanted at the 
nary data on particulates 



400 



200 



200- 



400 



600 



RPLC UVD 



^JIWAaMaa.,___^^ 



..Lt^i^^ mm 



-S9 
+ 59 



I 41 8t 121 

21 ol 101 

riCURE 3 Btiv«i't« pbaci; |]FLC ^UAlyiiis of Frictiuu U2 uu two 25 cii x Q.tf, 
ca Vyilac 20iTP colusjis linked lb tAodtis. Gcadi«Qt: 60^ aoeloaitrile 
(JLCllWtf^ter to 10(>\ kCU over 10 yiu ^ud bold aI 1001 ACN. Panel A: l/V 
dvCectioo. Panel t; Thu elu^nt ftoa BPHFLC aiiilysis vns collected iu O.b «iu 
fricti^iis aud aii^ly^cd £or tfutAgt^rticity j^ in Figuii; 2&. 



r-1 



343 



344 



L 

L 



ZVl/S/Ql 

iosu) 



■ IBLIOCMFBT 

■ntlir, J. P., Intiti, T.J. aud Daisey, J.N. (1987) Ad lnv«*Cigttioit oC 

interurban variations in th« chemical coa|toaltloik and ■uta^ftaic activity of 

ilrboroe particulate oiganic aittir uaing an integrated cheaical 

clais/bioaaiar syatea. Itaospberic EivviroMeat 31, Il3't92. 

Dalaay, J. a., Cheaey, J.L. aod Lioy, P.J. (19t£l Prof ilea oi organic 

vatticulata aaiitloiia troa alt pollution *outce*: itatua and needa for 

receiitat source appottionaeBt aodellng. JlFCt it, 11-3]. 

Creenberg, 1., Daraek, r., Barkov, t. Lioy, P. and Daliey, J. Il$>5) 

Polycyclic aroaitlc hydrocarbon! in new Jeriey: 1 conptriaon ot vintet and 

auaaar concantratlona over a two-year period.- JLtaospheric EnvironaeDt 19, 

1]25-1]]9. 

Botf, t.N. and Chan, K. i\9tl) Reainreaent of polycyclic aroaatic 

bydrocarboni in the air tlong the Niagara tivcr. Environ. Sci . Technol. 31, 

SS6-S61. 

Karon, B.H. and laei S.N. <1}8]) Xevlaed aetbods (ot the SalaonelU 

atitagentcity teat. Kutatlon Deiaareh 111, 17J-2IS. 

HcCalli, D.I., guilliaa, ».k., Kaiacr-ratttll, C, Taablio, C, Boo, I., 

eibaon, I.t., Locklngton, I.J., Xeir, I.K., and Sbeldrake, C. 119611 

iBtcgrated approacb to the detection and identification of steel foundry 

Butagens. In Carcinogenic and H utagen^c Itesponses to j^r.onatlc Ij| nei and 

Ni troarenes . CM King, L.J. Konano and D. Icbuettle, ell. Elsevier, NY. tl~ 

S3. 

Pyysalo, i., Tuoalnen, J., Vlckatroa, t., Skytta, I., Tikkanen, I,., Saloaaa, 

i., Sotaa, H., Nuraela, T., Nattila, T. and Fohjola, V. (19tT) Polycyclic 

organic aatarial fPOM) in urban air. fractionation, cbealeal analyili and 

genotoxicity of particulate and vapour phases in an industrial town in 

rinland. Itaospherie Invlronnent 11, 1U7-11«I. 

■olff, e.T., Sink, J., Chan, T.L. and Koraog, P.I. (IStS) Hultiiariate 

statistical analYSea of air quality data and bacterial autagenicity data froa 

aabient aerosols. Ataospheric Eavironaent 30, 2231-3241. 

Taaauchl, T. and Rand*. T, <I9I71 charscteriiatlon of aia heterocyclic 

hydrocarbons in urban ataospheric particulat* natter. Environ. Scl . Technol. 

21, I1T7-11I1. 






L^. 



